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ABSTRACT 
When attempting to consider the environment, a large quantity of information is 
available. Historically, librarians have provided a facility for both sorting this 
information into storage, and guiding users to the material relevant to their 
queries. With the steady increase in volume, detail and character of this 
information, existing methods of handling cannot cope. 
This thesis addresses this problem by developing a novel information system 
framework and applying it to the environmental domain. A brief study was made 
of information retrieval systems. An information system. framework was 
developed through the project. It covers the areas of query augmentation and 
search execution. In particular, the framework considers the issues of 
• using a domain model to help in specifying queries and 
• assessing and retrieving sub-parts of large documents. 
In order to test the novel concepts, a case study, which covers many steps in the 
information retrieval process, was designed and carried out with supportive 
results. 
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Chapter 1 
Introduction 
1.1 Motivation 
There is a huge volume of legislation that circumscribes activities by people and 
businesses that impact upon the environment of the Earth. In order to carry out 
any activity that may have an effect on the environment, there must be an 
understanding of the legislation that is applicable to that activity otherwise there is 
a high risk of legislative penalties being applied to whoever is responsible for that 
activity. 
Therefore, it is necessary for an organisation or a person who intends to be active 
within such areas to find all appropriate and applicable legislation. Historically, 
companies have accessed this information from self-contained libraries of 
legislation that are accessed, controlled, and updated by experts. Locating 
applicable information from such systems was achieved by asking the experts 
responsible for these systems. 
With the growing concern of the environment, there has been an increase in both 
the scope and the quantity of both advisory and legislative information applicable 
to the general environmental domain. This has led to an overload upon the 
existing information retrieval systems that are used for this field as more users are 
requesting access. This has given rise to a change in the pattern of use. Rather 
than novice users of environmental legislation discussing their problem with an 
expert and then the expert providing the users with the relevant information, there 
are steadily more instances of users attempting to directly access the 
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environmental legislation. Globalisation of many companies' activities is also 
placing an additional burden. If a company operates in more than one country it is 
no longer sufficient for that company to be aware of only one country's legislation. 
Therefore, there are two areas that require attention. First, some mechanism is 
required to store and filter the large quantities of environmental legislation that 
exist. This must also be capable of being kept up-to-date with new infonnation. 
Secondly, the ease of locating the specific infonnation that applies to a user's 
query must be improved. This relates to both identifying individual documents 
that apply, and, in the instance of large, complex bodies of legislation, the 
individual sub parts of those documents. This latter point is an important one. 
Given that legislation can be both large and cover a wide range of subject areas, 
this ability enables the user to locate infonnation within a document without 
having to read it in its entirety. When consideration is given to the fact that a 
single query may relate to many documents, the magnitude of the task becomes 
more apparent. 
1.2 Project Overview 
The project described in this thesis is concerned with retrieving infonnation from 
environmental regulation databases. Attention was given to two particular areas. 
First, it considered using a domain model to help fonnulate search queries, 
whether manually or automatically, so that all the relevant tenns are included in 
the query. In order to do this part of the work the development of a domain model 
--was investigated. Secondly, the problem of identifying relevant sub-parts of large 
documents that matches a search query was examined and potential solutions were 
proposed. An evaluation study was carried out to assess the benefits of using a 
domain model and the proposed ideas on searching large documents. 
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1.3 Structure of Thesis 
This thesis consists of seven chapters. Chapter 2 is a general overview of 
environmental information systems and environmental information management 
systems. Chapter three describes the development and features of information 
retrieval systems. Chapter four considers ways of developing a domain model for 
the environmental domain. Chapter five addresses the issues of matching a query 
against a large document and returning parts of the document that are considered 
relevant. Different approaches are proposed and described. Chapter six gives the 
results of the evaluation study. Chapter seven provides a summary of the thesis 
and its contributions and outlines some ideas for future work. 
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Chapter 2 
Environmental Systems 
This chapter gives an overview of existing systems that store information within 
the environmental domain. The systems are broken down by the types of 
information stored within them, as well as the access methods available and the 
uses made of the information. There are two mlljor groupings - Environmental 
Information Systems (EISs) and Environmental Information Management Systems 
(EIMSs). There are then subdivisions based on the use intended for, and made of, 
the information retrieval (IR) system. 
The information contained within the different types of systems discussed in this 
chapter varies considerably. Some systems are specialised for the content of 
environmental legislation, as per the focus of this thesis. Others are intended to 
store environmental data such as contamination levels, or predict the effects of 
releases based upon knowledge of the dispersion paths and the chemicals 
involved. There are systems that cover more than one of these aspects, or other 
aspects as well. 
2.1 Information Systems and Information Management Systems 
EISs are purely designed for data storage and retrieval. They have no active 
components. An EIS is a type of the classic IR system discussed in Chapter 3. 
The key difference between EISs and EIMSs is the latter's ability to act upon data 
as and when it is added to the system. This is an attribute of certain IR systems -
for example, those that execute a search upon all new data added to the system in 
order to see if it matches certain user's criteria for relevance. 
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A simple classification can be made - if a system is intended for information 
storage, then it is an EIS, and if it is intended for active monitoring, then it is an 
EIMS. Note that EIMSs also provide the functionality of EISs as well. 
2.2 System Purpose 
The purposes of environmental information systems can be broadly divided into 
four areas. These are Storage, Analytical, Support, and Control, which relate to 
each other as shown in table 2.1 below. 
Class EIS ElMS Function Characteristics Variations 
Storage Yes Yes Hold Storage, Update Frequency, 
information Retrieval Update Method, 
Data Type 
Analytical - Yes Operate on Data Comparing, 
information Manipulation Trending, 
Analysing, 
Summarising, 
Flagging 
Support - Yes Support Passive Predicting, 
decision Planning 
making 
Control - Yes Advice on Active Advisory, 
operations Controlling 
Table 2.1 Classification of Environmental Systems 
_2.3_Storage Systems 
2.3.1 Description 
The functions of a storage system are to store and retrieve information. As all 
classes of environmental system must incorporate these functions, this class could 
be considered a building block for developing others. There are two major types 
of data that can be stored in an information system. The first is operational data, 
e.g. plant records and emissions values. The second is informative data. This 
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includes material such as regulations and operating manuals. It is possible to alter 
a system that holds operational or informative data to an analytical system. The 
types of analysis that are carried out will differ widely depending on the type of 
data stored. 
With operational data systems the information is typically generated by sensors on 
the plant. This is entered into the system either manually or automatically. There 
is a limit on the rate of manual data entry - if data is generated faster than this it 
will have to be entered automatically. Informative data systems are not subject to 
this variation, as the source of the data is variable, as is the rate at which it is 
generated. Therefore the updates will occur when material is available, and will 
be at least partially manual in nature. 
2.3.2 Examples 
RSKEnvironment (1994) is an example of an informative data system. The system 
is designed to support maintenance of a 411-km ethylene pipeline. Its aim is to 
provide all relevant information in a single source. The information held includes 
land ownership, emergency contact numbers, engineering details, and maintenance 
records. 
The EIS described by Maxwell (1994) is capable of storing both operational and 
informative data. It is designed to be a comprehensive system, capable of carrying 
out a large number of operations. The operational data that is stored in this is 
__ gathered automatically from remote locations, as well as being entered manUally. 
WATERS, described in French, et aI, (1995) is a system for the storage of 
technical papers. While this is not an environmental information system, it is 
worth considering for the approach that it takes to storage of information. The 
papers within it are stored on several different sites. The central record for all of 
the papers is retained in one location. This central server allows users to connect 
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to it, and then supplies them with the address of the material that they desire. The 
system is based on the World Wide Web (WWW). 
CEDREC (Burton&Ringer, 1994) is a system for identifying appropriate UK and 
EEC legislation. It is designed to provide small businesses witb a metbod of 
determining which laws apply to their operations. The data is categorised by 
operation type and subject areas. Using knowledge of what areas tbe business 
operates in, the system can be used to identify which laws will affect it. 
2.4 Analytical Systems 
2.4.1 Description 
Analytical systems are designed to carry out analysis of data. The aim of the 
analysis is to obtain relevant information without the user having to work through 
all the data present. The user's time is saved as the system is carrying out tbe tasks 
involved. The actions involved in the analysis vary dependent upon the desired 
results. Some actions are: 
• Comparison 
• Trend generation 
• Calculation 
• Summary generation 
• Flagging 
The first three actions create more data from the raw data. The latter two inform 
--users about tbe data witbout altering it. The purpose of these actions is to ensure 
the user does not have to examine all the data in order to find important 
information. The above actions are based on operational data. Informative data is 
subject to different forms of analysis. 
The aim of comparison is to find similarities/differences between a number of data 
sets. These similarities and differences then form the new data generated. This 
action can be used to detect relationships between items (such as burner 
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temperature and nitrogen oxide emissions), or to determine which of several 
alternatives is preferable. 
Trend generation is plotting the changes within one or more sets of data over a 
variable range, which is normally time. It can be other variables, if their change is 
regular, e.g. temperature or pressure. The data formed by this process is 
numerical. 
Calculations are used when data needs to be processed to provide useful 
information. For example, the annual cost of a machine is the sum of its 
maintenance cost, depreciation and operating cost. The mathematical operations 
available are dependent on the sophistication of the system. 
Summary generation is working througb the data to produce a report. The report 
contains the results that the user desires. Report preparation can be automatic in 
some systems. To achieve this a set of procedures to create the report and the time 
periods between creation need to be provided within the system. The system is set 
to carry out those tasks on certain items of data at the specified intervals to create 
the report. 
Flagging is the process of highlighting items of data which have exceptional 
values. Generally these are automatically reported to a user, or included in a 
report. In order to notify users of data, the system must have some method of 
communicating with them. 
__ __ Each of these operations can occur singly or be combined. Combined operations 
can occur in many different ways. For example, summing of several emission 
sources across a site to calculate a total site emission value, and then highlighting 
this if it exceeds the maximum permitted for the site. 
The classification given in section 2.1 would suggest that analytical systems are 
EIMSs, as they provide functions beyond that of simple data storage and retrieval. 
However, as several of the above operations simply process data (flagging, 
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trending, comparison), they can be viewed as extending the functionality of 
storage systems. They provide an improved method of viewing information to 
save the user labor on processing the data, rather than the advanced functions of 
theEIMSs. 
2.4.2 Examples 
MacGregor (1994) covers a project that aims to ' ... provide a system for 
independent site reporting ... to ensure consistency, accuracy, and uniformity 
across the company.' This project is set up to gather data from thirteen oil 
refineries in the USA into a single system. The system comparies and summaries 
data, and generates reports. It compares operational and environmental data 
between sites. The system is used to provide the Toxic Release Inventory (TR!) 
for each site. 
Hosken (1994) and Gray (1994) both illustrate the use of Geographical 
Information Systems (GISs) as analytical systems. The former deals with the 
initial data recording and on-line monitoring of a landfiII site. The system allows 
the modeling of ground water pollution below the landfill based on the given data. 
It is also capable of flagging exceptional values for any data points. The latter 
paper deals with the reasons for selection of GISs for environmental systems. It 
also compares the state of their usage in the USA with that within Europe. The 
conclusion is that the provision of government funding in the USA for site clean 
up has increased the drive towards record keeping using such systems. Both of 
--these systems are capable of carrying out calculations, and trend generation. 
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2.5 Off· Line Support Systems 
2.5.1 Description 
An off· line support system is normally an expert system, containing a model of a 
process and a knowledge base. Given a state of the model and a change to be 
made, the system can predict the end-state. This means that the results of a change 
can be predicted without placing assets at risk. An alternative application of an 
off-line support system is in the planning of operations. In this case the start and 
end states are given, and the system concludes what changes have to be made to 
reach the end-state. 
With both of these abilities the passivity of off-line support systems can be seen. 
It does not do anything unless asked. The main challenge with this type of system 
is in developing an accurate model and knowledge base. If either of these contains 
flaws, then thexesults produced by the system will reflect those flaws. 
2.5.2 Examples 
The MENTOR system described in Enwright (1994) is used for operational 
support. It draws in status data from the process when the system is started. This 
data is used for two purposes. The first is to detect which items of equipment are 
likely to be faulty. The efficiency of the current system is calculated as well. If the 
user requests, the system works out the most efficient configuration using all 
. --equipment, andlor using all equipment that is not tagged as possibly faulty. 
Lumbers(1994) describes a similar, though less sophisticated system, for the 
operation of waste water treatment plants. The system carries out an analysis of 
the plant's current state, and indicates which sections of the plant are operating at 
less than full efficiency. This paper points out a limiting feature of such systems. 
With insufficient operational data from the treatment process, the model that can 
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be created is crude. This reduces the usefulness of the system, as it can only 
provide limited information. 
2.6 On-Line Control Systems 
2.6.1 Description 
Control systems are similar to support systems. The difference is that support 
systems are passive in operation, but control systems are active. Rather than 
waiting to be consulted, control systems operate in a continuous mode. They can, 
but do not have to, be expert systems. 
An on-line control system receives data directly from a plant. The system feeds 
results back to affect the source of the data. The system can advise a human 
operator, or it can directly carry out the changes. The level of interaction required 
by humans varies greatly. Full automatic control of the process is rare (Williams, 
1994), as most systems are not trusted enough to operate with no human 
supervision. 
2.6.2 Examples 
Williams (1994) states that 'one of the most important uses of expert systems is to 
-___ advise the operator on a preferred course of action.' The system he describes is 
used to predict slug formation in off-shore pipelines. It monitors conditions in 
offshore pipelines and alerts the operator when they indicate a slug may be 
forming. The operator then chooses whether to bring additional handling 
equipment on line to deal with the slug. The model that this system uses is based 
on a neural net. This net is capable of altering its own weightings in order to 
improve its performance. 
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2.7 Hybrid Systems 
2.7.1 Description 
Systems in the hybrid class exhibit characteristics of more than one class. As can 
be seen in figure 2.1, hybrids comprise multiple systems on a common base. 
ANALYTICAL 
STORAGE 
Basic Analytical System, built 
on a Storage System. 
ANALYTICAL SUPPORT 
STORAGE 
Combined Analytical & Support System 
with the same Storage base. 
Figure 2.1 Standard and Hybrid Systems 
2.7.2 Examples 
The Oracle EIS described in Maxwell (1994) is a modular system with a stand-
alone database. There are various application modules designed for adding to the 
core module in order to perform other functions using the information contained 
within the central database. The following are some of the modules available: 
• Other Databases - these hold informative data for reference. For example, 
. ·--·chemical properties packages, or environmental regulations. 
• Modeling Packages - for incident planning or support. Systems within this 
group include plume dispersion modeling. They are used for predictive 
analysis of emergency situations, either real or potential. 
• Events - operations support and monitoring in the event of emergencies 
• E-Mail -communication and notification of data and events. This allows 
flagging of exceptional! relevant information within one of the other databases. 
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It also allows time keeping - for example, reminding personnel when a 
quarterly safety review is due. There is a limited potential for remote control of 
sites, as a central location can be notified of process parameters that are 
exceeding preset limits. 
The system is intended to have other commercial or existing systems linked to it. 
However, these systems would require more work to adapt to the database core as 
they are not purposefully designed to interface with it. 
2.8 Summary 
A variety of environmental systems have been described. They range from storage 
systems to control systems and they are used for very different purposes in the 
environmental domain. The next chapter will look specifically at features of 
information retrieval systems. 
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Chapter 3 
Information Retrieval Systems 
This chapter begins with a brief history of the development of information 
retrieval (IR) systems. System features that cover the whole process of IR are 
considered in sections 3.2 to 3.6. Section 3.7 highlights two important aspects that 
will be addressed in the remaining part of the thesis. 
3.1 History and Development of Information Retrieval 
IR system development started with the paper-based library where information is 
stored as hard copies. In order to access information from such a system, the user 
has to travel to the site and search through the documents. Once relevant 
documents are found, the user has to examine them to verify if they contained 
useful material, and locate that useful material within them. This last step is 
simplified by documents having contents lists or indexes, which enables the user 
to check quickly, rather than having to read the whole document. As a document 
is not generally altered during it's lifespan (once created), the index remains a 
reasonable guide to the document. 
In order to accelerate the process of locating the correct documents, librarians, 
experts in the contents of their libraries, gained a role. The user would be guided 
to the correct section of the library, and advised on what material was most likely 
to be relevant. 
From this development, organisation of the paper-based library followed. The 
Dewey Decimal (DD) system allowed categorisation of the documents that were 
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within the library in a standard manner. This enabled any user to quickly identify 
material that was likely to be relevant. The librarian's role continued in guiding 
less experienced users through the process of using the DD system in order to 
locate relevant documents. 
This represents many of the libraries that exist at the present day. Advances in the 
paper-based library beyond this involve cataloguing the contents of the library. If 
the catalogue is available remotely then the users do not need to visit the library. 
They can examine the catalogue and request that certain documents are sent to 
them. 
Computer based IR systems occurred as a steadily growing branch from this stage 
of development since the early days of computers. Early information systems dealt 
with abstracts and bibliographic details of the material that they held. The next 
stage was full text searching systems. These two types of system are based on 
searching through the entire stored text for the specified words. This is known as 
free text searching. 
Index-based systems were developed to improve efficiency. The overall principle 
of the search is the same as for a full text search but it is applied in a different 
manner. Rather than searching for any specified words in the full text each time a 
user requests a search, keywords are searched for before hand and the results are 
stored as an index. Once an index has been generated, it can be used for future 
searches instead of using the full text. Keywords used for indexing can be 
generated by carrying out a statistical analysis of the material to be indexed 
---(Salton, 1988). The benefits of this approach are that the keywords list is 
generated automatically and the list is based on what is contained in a document. 
Effort continues to be made to improve either retrieval rate, or precision. 
Retrieval rate is defined as the quantity of material retrieved compared to the 
quantity of material present in the system that is relevant to the user's interest. 
Precision is the quantity of material retrieved that is relevant to the user's interest, 
compared to the quantity of material retrieved. The aims of any IR systems are to 
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improve both retrieval rate and precision. In practice, these aims are difficult to 
achieve - eliminating irrelevant material may remove some relevant material, and 
including all relevant material means it is more likely that some irrelevant material 
will be retrieved as well. Abstract search normally has low retrieval rate but high 
precision. On the other hand, full text search has high retrieval rate but low 
precision. 
3.2 Search Specification Interface 
A system will only be used if it is usable. If the system is simple to use it will 
receive more use in comparison to a more difficult system. However a system 
with little content will not receive much use no matter how simple it is to operate. 
A definition of a user-friendly system is ' ... one in which a user requires little or no 
training in order to successfully use the system. ' (Mathews& Williams, 1984). The 
paper also provides a list of characteristics for determining the user friendliness of 
a system. Some of the important characteristics are: 
• Use of the system is almost second nature 
• Clear information displays 
• Correct data elements 
• Choice of interface where appropriate 
• Provision of constructive help (even unsolicited help) 
• Correction of common errors 
• Capable of self adjustment with time 
• Transparent operation for the user 
• Total control with minimum effort 
The interface provides the means by which communication is carried out between 
the user and the system. Having a powerful search system is no use if the interface 
is too complex for the majority of users. Regardless of which type of interface is 
used, user friendliness is always an important consideration. The three main types 
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of interface used to pass information from the user to the system are: query 
language, menus and forms. 
A query language provides a set of functions that allows the user to formulate a 
search. Query languages are very powerful in their capabilities. They support 
very flexible and elaborate search pattern constructions. However, this method 
requires an understanding of the language on the part of the user. Without this 
understanding, searches may be badly constructed syntactically or semantically. 
A menu driven system gives a list of appropriate options to the user at each stage 
in formulating a search. Selecting an option either carries out an action, or takes 
the user to a further sub-menu. In some systems context sensitive help is 
available. This allows the user to call up a message explaining the options on the 
present menu. 
As this approach works in a stepwise fashion, it can be quite tedious. However, 
this stepwise process is thorough and it is easier to understand than a query 
language. Thus it may be more suitable for novice users. On the other hand, if the 
menu sequences are poorly organised it can also cause confusion. 
Forms provide the third type of interface. A form consists of areas for keyword 
entry and sets of buttons for selection of options. This method of interface is 
easier to use than a menu based system, as the majority of the questions and 
options are presented on one form. However, it is possible that the user may be 
overwhelmed by all of the options. This can lead to difficulty in use if inadequate 
-- - explanation of the options is given. 
When a search pattern has been tested by a user and found to be successful it is 
possible that it will be repeated in future. This would be for re-examination of the 
data, or to check if new data had been added to the system. With the facility to 
store search patterns, this would be possible without the user having to reconstruct 
the search. This means that the possibility of human error in these repetitions is 
removed. 
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Retention can be extended to storing the results of the search. By repeating the 
search and removing the material that had been retrieved previously reduces the 
quantity of material the user has to consider. A system can be set to carry out this 
operation at intervals and send the results to the user. 
3.3 Search Specification Expansion 
A search pattern is made up of a number of words that a user has specified. An IR 
system is designed to return all of the information that matches the pattern. 
However, the search pattern may be badly constructed. Even though the IR system 
applies the pattern correctly, the material that it returns may not be what the user 
desires. 
The challenge is how to improve a search pattern that is specified by a user. There 
are different approaches to this, and they can be broadly divided into two 
categories: Clarification and Expansion. Clarification is to improve the user's 
search pattern by checking on possible errors. Expansion is to include related 
terms in the search pattern. 
Clarification is intended to make sure that the specified pattern has the same 
meaning to the system as to the user. Spelling and Dialogue are clarification 
methods. Spell checkers are commonly found in computer systems and their 
application in search specification is obvious. Work on dialogue (Stein and Maier, 
1995) attempts to inform users of related words that might have been missed, and 
. - ensuring that the search pattern is not ambiguous. 
Expansion is an attempt to enhance the search pattern in order to ensure that the 
system returns all relevant material (Jones 1971). Hedges, Thesauri, Stemming, 
and Hierarchies are all examples of expansion methods. They are used to increase 
the amount of material retrieved by a search. This increase is achieved by adding 
terms related to the original terms to the search pattern. 
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3.3.1 Hedges 
The concept of the hedge is a grouping of all infonnation on one subject, across 
the entire data system. In effect it is the sum of the searches that would be 
required to successfully conclude a search on that subject. Information grouping 
techniques pull together related terms. This does not help the user when they 
attempt to form a search on a complex topic that covers several terms that are not 
directly related. For instance, consider an attempt to find all information regarding 
televisions. This would necessitate looking into the areas of electronics, media, 
communications, entertainments, sound systems, packaging and more. While this 
is possible, it is time consuming. 
Hedges are highly specific to a particular topic. This means that their need is 
difficult to anticipate. As pointed out in Schiffmann (1985), it is useful to allow 
users the ability to create and store their own hedges. Users who create their own 
hedges are in effect merely storing a set of search patterns for their own use. 
The alternative is to allow the system administrator to develop them. The 
advantage is that the hedges are available to all users. In the early days of AIDS 
research, with no definite term to associate material under, users were repeating 
similar searches and wasting a lot of time to locate a small number of documents. 
This was detected from usage logs and a hedge for those documents was formed. 
3.3.2 Thesaurus 
A thesaurus is a set of synonyms that have similar meanings. When a system is 
searched on a particular term, there may be other ones. For example, poison is a 
synonym of toxin. Therefore, in order to ensure that all relevant material is 
retrieved it may be necessary to search all related terms. 
A way of achieving this is for a user to specify a search to include the synonyms. 
To do this the user will have to commit a considerable amount of time to the 
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search process. There is also a potential for human error as some terms may be 
missed. With an indexed system it is possible to index each keyword in a 
document by all the synonyms automatically. This removes the possibility of 
human error and reduces the time required to specify the search. Another 
alternative is to use a database containing a thesaurus to expand the search pattern 
automatically. The user may be given the option to remove any words from the 
expanded search pattern. 
3.3.3 Stemming 
Stemming is the process of reducing a word to its basic form by the removal of 
suffix and prefix as appropriate. For example, consider the words environment, 
environmental, environments and environmentally. They are different patterns as 
far as a search is concerned. However, they have the same stem environ but 
different suffixes. Instead of specifying the four words in the search pattern, it is 
possible just to specify the stem. 
Stemming works by having a pre-defined list of suffixes and prefixes and then 
applying them to a word. Scoring criteria are used to determine which of the 
suffixes or prefixes should be removed from the word. For example, there is 
normally a minimum length requirement - no suffix or prefix can be removed 
from a word if it reduces the stem to below the minimum length. This stemming 
process is a critical part of the Machine Aided Indexing procedure described by 
K1ingbiel (1973.) An example is used here to illustrate the process more fully. In 
·--table 3.1 the words in the first column will be stemmed and the second column 
contains the suffixes that will be used in the stemming process. 
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Word Suffix 
Environment ment 
environmental al 
environments s 
environmentally ally or ly 
Table 3.1 Examples of word stemming 
Only the suffix ment can be removed from the first word. This leaves environ as a 
stem. The next term environmental has only one suffix al to be removed. The 
resulting stem environment is not an end state though. The suffix ment can be 
removed. The final stem is again environ. The third word environments follows a 
very similar process. The suffix s is removed first and then followed by the suffix 
ment. However the final word environmentally is different. There are two initial 
suffixes that can be removed ally and ly. In such a case a scoring criterion is 
required to determine which is to be removed. For this example, there is no 
difference in the end result, just in the number of steps that need to be taken. 
Therefore, the criterion in this case should be to choose whichever reduces the 
stem by the largest number of characters. This means that ally is chosen,and then 
the remaining step is to remove the suffix ment. The process terminates with the 
same stem environ. 
Stemming can reduce the number of words that a system needs to know. This is 
of benefit in setting up a thesaurus. However, the criteria for the removal of 
""-- suffixes or prefixes must be appropriate. 
3.3.4 Classification Hierarchies 
Although it is possible, and sometimes desirable, to broaden a search by 
expanding the search pattern to include synonyms, it does not always achieve all 
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that is possible. Consider the words hazard, acid, toxin, explosive, corrosive and 
flammable. They are all related, but none of them are synonyms. If they are 
organised as in figure 3.1 then the relationships become clear. 
Hazard 
Explosive Flammable Toxin 
Figure 3.1 Partial classification of hazards 
The structure represents a group of 'is-a' relationships. A word represents a 
concept or a thing that may stand for a subclass or super class of another word. A 
classification hierarchy can be used to expand a search pattern. For example, a 
search on the word hazard could be expanded to include all or some of the 
different types of hazards in the hierarchy. 
Classification hierarchies are very useful but their development is not simple. A 
concept or thing may not fit neatly under one branch. For example, Benzene is 
both toxic and flammable. Significant domain expert input is required to develop 
appropriate hierarchies. 
3.4 Information Ranking 
Ranking is not an attempt to overcome the problems of badly constructed 
searches. Its purpose is to sort the material retrieved in order of relevance. 
Ranking is a scoring method used to ensure that the user is not overwhelmed with 
excessive quantities of retrieved material because the number of items returned 
from a search can be large. This quantity may be increased by the various 
methods that can be used to expand a search specification as discussed in the 
previous section. 
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By applying a ranking criterion to the material that satisfies the search pattern, it 
can be presented to the user in an ordered form. If a cut off level is expressed (a 
number of items, or a paint on the ranking scale, or a percentage of the material 
retrieved) the user can control the quantity of material presented. In order to 
achieve this two areas need to be considered. The first is how closely a document 
matches the search pattern. The second is how closely that search pattern is 
related to the Original pattern entered by the user. The number of occurrences a 
search pattern appeared in a document can handle the first point. If the search 
pattern occurs many times, then it is likely that the document is highly relevant to 
the search. Conversely, if a search pattern only appears rarely in the document, 
then it may be less relevant. The second point concerns the degree of similarity 
between a search pattern and the original search pattern is more complex. With 
stemming, thesauri, and hierarchies as options for making a search more 
comprehensive any scoring system will need to account for all of these. 
The majority of IR systems are based around statistical examination of the 
distribution of individual terms within the relevant documents and within the 
whole corpus. One alternative to the statistical approach is to utilise the search 
query presented by the user and a domain model to rank the document(s). Another 
is to take a learning approach, based upon the number of times users have found 
the documents relevant. A final option is to allow the user to guide the system 
interactively to rank the documents. 
3.4.1 Statistical Analysis Based Ranking Methods 
Statistical analysis methods are the most commonly used ranking methods. Hence, 
they are subject to the largest variation in both minor details and application. They 
rely upon a statistical data of both the document(s) which are being ranked and the 
corpus, i.e. the whole collection of documents, which they are part of. This 
statistical information is normally extracted when a new document, or a batch of 
documents, is added to the system. If the system works on an index based search, 
then the word counts can be combined with the index creation. 
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The general principle behind statistical methods is to process the query in a 
stepwise fashion. Each term present within the query is counted for its frequency 
of occurrence in both the individual relevant document and the corpus as a whole. 
A weighting is then derived for each term based upon these values. A term that 
occurs frequently in a document is highly important, and hence a high value of 
term frequency is desirable. At the same time, a low frequency of the term within 
the corpus as a whole would tend to indicate that the term is a specialised one, and 
hence it is important. 
Term Frequency: Inverse Document Frequency (tf:idf) is the 'classic' statistical 
ranking method. For each term, its frequency within all relevant documents is 
calculated. Additionally, the frequency of the term's occurrence within the corpus 
is required. As discussed previously, the inverse of the term frequency is used, to 
highlight terms that are infrequent within the corpus as a whole. Each document is 
assigned a score, calculated by dividing the term frequency by the corpus 
frequency. The document then has its score determined by a normalised sum of 
the scores for the individual terms. By comparing the scores of the documents 
(which will vary between 0 and 1) a ranked order can be determined. 
A variation of tf:idf is term weighted tf:idf. This allows the user to specify a 
weighting value to be attributed to each term within their query. Hence, rather 
than all terms being considered equally by the system, certain ones are rated as 
being more important. The weighting factor is used as a multiplier for the overall 
score for that term. Therefore, when the normalised score for each document is 
calculated, the terms with high weighting factors are more important than those 
"--with low weighting factors. 
Statistical analysis is a very common ranking approach. However, term frequency 
can be misleading because a single term may be used to represent different 
concepts in a document, or in different documents. Another limitation is that the 
tf:idf and term weighted tf:idf methods do not take into account document sizes. 
Page 24 
3.4.2 Classification Hierarchy Based Ranking Methods 
Domain model based ranking methods rely upon a comparison of the user's 
original query and the query applied to the document that identified it as relevant. 
By necessity, this implies that some modification has been made to the original 
query by the system by using some form of classification hierarchies. Terms that 
occur within the user's original query are considered to be highly important. 
Terms that were added by the system are taken as less important. A closely related 
term is more important than a distant one (i.e. one that is many links away). If the 
domain model contains different types of relationship, then the reduction in 
weighting that occurs in each link can be varied between relationship types. This 
allows a great deal of flexibility in controlling and tuning this ranking method. 
The problem with this approach is that it is highly dependent upon the domain 
model. An inadequate domain model with either a small number of concepts or an 
insufficiently rich network of links between the concepts will not be able to 
support the ranking method effectively. No account is made of the actual terms 
used, the size of the document, or the corpus. 
3.4.3 Learning Ranking Methods 
Learning ranking methods are based on feedback from the users of a system. The 
criterion used for ranking is based on the users opinions of the documents that 
they have considered. After a search has been carried out the user is asked to 
" __ provide a rating for each retrieved document after it has been examined. An 
example of this approach is a set of documents stored within a hypertext type 
system. As searches are made, links are created to relevant documents. These 
links have weights attached to them, and the weights are adjusted dependent upon 
the user's comments. As the system is used, and documents are referenced, the 
prioritisation of the links develops. In determining the relevance of a document to 
a search, every human expert examining the document will have a slightly 
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different opinion of its value. Therefore, it has been suggested that panels of 
experts should be used to assess the results of a ranking system. 
The approach only works on documents that are frequently retrieved. New, or 
rarely used, documents are not ranked well by this approach. Over time, this will 
tend to lead to certain 'favourite' documents having priority. The system will tend 
to reinforce this, as users will be presented with these favourites. Another 
limitation of this approach is that not all users are willing to provide the feedback, 
as it is an additional and time consuming task that they have to carry out. Hence, a 
system using this approach may develop very slowly. There is also the potential 
for novice, non-experts within the domain to misjudge document relevance. If this 
occurs, then the 'bad mark' will be retained within the system and will affect 
future ranking. 
3.5 Accessing Large Documents 
The most common approach for dealing with large documents is to present the 
user with the contents page of a document and let the user decides whether any 
section of the document is relevant. Unfortunately, section headings do not 
necessarily provide a good indication of the contents of each section. It is also 
time consuming for the user to examine each contents page. 
Certain IR systems present documents to users by enabling them to step from 
point to point within the document via hyperlinks. Each occurrence of a given 
term is linked to the next. Therefore, browsing the document is simplified - the 
user already has the relevant sections of the document 'bookmarked' for him, and 
only has to check each bookmark. This is still not a perfect system, as not all 
bookmarks will be associated with relevant information. It is likely that in most 
searches, there will be bookmarks that only have one term associated with them, 
and do not include all the search terms. 
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CD-REEF (Bordeau, 1991) employs a two level search system to deal with the 
problem of accessing the relevant parts of large documents. Firstly, the system 
employs a standard search process on the document corpus. This then enables the 
user to select a document from the corpus that contains a significant amount of 
information relevant to their enquiry. Following this, the system executes a 
further search upon the sections of that individual document, isolates relevant 
sections and presents them to the user. The user then gains the full benefits of a 
search carned out within the document, avoiding any requirement for browsing, or 
use of potentially irrelevant bookmarks. 
However, while superior to either previous process, there are still flaws within this 
methodology. First, the user is still involved in selecting documents and carrying 
out further searches. Therefore if poor selections were made in the first place time 
is wasted in performing the subsequent searches. Second, the stepwise search 
process adds an inevitable delay to the search. In order to avoid the delays 
presented by the CD-REEF, it is desirable that any search process should be single 
tiered, rather than two tiered. 
3.6 Multi-user and Multi-site Access 
Requiring users to wait until another user has finished their query is not a viable 
option for any system with a wide user base. The vast majority of computer based 
1R systems are capable of handling multiple users, being set up in a client/server 
structure. Therefore, achieving this one of the desired attributes of the system 
should not present any particular problems. Using the World Wide Web, wide 
coverage of potential users can be achieved. Given a form based access point, 
multiple users can be accessing the system at one time. The system will run on a 
machine with access to the machine running the W3 server. A number of users 
can access the front-end hypertext page, consisting of a form for the user to 
present his query to the system. Upon starting the system, the server machine 
passes the data in the form to the program. This then acts on the information, 
using it to form a new hypertext page. This is passed to the server, which then 
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passes the page to the user's machine. The user can then view the results of his or 
her search. 
For more than one person to be able to use a system at once, there must be 
multiple entry points to the system. However, these entry points could be located 
in a single physical location (e.g., a cluster of terminals). In the modern world, 
networked computer systems simplify the requirement of allowing remote access 
to an information retrieval system. 
By setting the information system up to be accessed via the World Wide Web, 
wide coverage of the potential users can be achieved. A number of users can 
access the front-end hypertext page, consisting of a form for them to present their 
queries. 
3.7 Summary 
This chapter described many aspects of IR systems. Two areas that have been 
identified as important and will be examined further in the rest of this thesis are: 
1. the use of domain model for query expansion and 
2. the identification of relevant sub-parts of large documents. 
Chapter 4 will discuss the former area and Chapter 5 the latter. A case study 
evaluating both aspects will be described in Chapter 6. 
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Chapter 4 
Domain Model 
In order to obtain any information from an IR system, the user must be able to 
create a query that represents his intent and present it to the system. For a wide 
range of users, from expert to novice, to be able to use the system, it should be 
able to aid the user in the query formulation process. One potential way of 
achieving this is the use of a domain model as discussed in Chapter 3. The domain 
model can be used by the system to expand the query automatically or it can be 
shown to the user to select relevant terms. Therefore the use of a Domain Model 
satisfies the requirement 'An information retrieval system should have a facility to 
augment a novice user's search technique by providing expertise within the 
domain.' 
In order to create a domain model, the terms comprising the model and the 
concepts they represent will need to be identified. Synonyms for the terms will 
also need to be grouped together. The structure of the model, i.e. relationships 
between concepts, will need to be established. These different aspects of domain 
model creation are discussed in the rest of this chapter. 
4.1 Domain Model Development 
4.1.1 Keyword Identification 
Two main approaches were examined for the identification of terms that are 
appropriate for inclusion in the domain model. The first of these was a manual 
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approach based on examination of a set of relevant documents. The second was to 
use a keyword extraction program to carry out the task automatically. An area of 
concern was to identify what differences occurred between the manual and 
automatic methods. 
The manual process started by reading a number of documents in the 
environmental domain and highlighting terms that seemed relevant to the context 
of the document. Following on from this, in order to investigate a less laborious 
method of identifying keywords for the Domain Model, a text abstraction tool, 
AnchorPage (Iconovex 1995), was used on the same documents. AnchorPage 
contains a large database of terms. Each term in the database is flagged as to its 
importance, ranging from always important to never important. When a document 
is submitted to AnchorPage for analysis, a list of terms that it identifies as 
important is generated, based on the internal database. 
A second list is generated that contains all of the terms occurring within the 
document but are not in AnchorPage' s database. For keYword identification this is 
a very useful list. As the internal database can be supplemented or replaced with a 
user created database, this facility can be used to detect all terms that do not occur 
within the current domain model by setting the internal database to contain all the 
terms within the domain model and all common 'stop list' words, such as and, or, 
etc. A person can then examine all the terms that appear in the unidentified list. If 
they are relevant then they can be added to the domain model and then added to 
the internal database. If they are not relevant then they can be added to the 
internal database as stop list terms. While this is not the method of application that 
---AiichorPage was designed for, it is useful. AnchorPage's purposes are for creating 
document abstracts and index pages automatically. 
Both the manual and automatic approaches used to identify terms functioned well. 
For example, by examining two documents manually 169 terms were identified. 
Application of AnchorPage to another document identified 109 terms, 15 of these 
were terms that had not been identified in the previous two documents. 
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4.1.2 Synonym Identification 
In a domain model, one tenu may represent more than one concept and one 
concept may be represented by more than one tenu. The next task in the creation 
of the domain model was to add synonyms tenus involved according to the 
concepts that they represent. 
The first approach tried was to look up each tenu using MS Word 2.0b thesaurus. 
This was a clear failure. Thesauri that are intended for general use are not suitable 
for domain specific use. They consider tenus in much wider contexts than the 
Domain. This led to the inclusion of many inappropriate synonym tenus. 
Custom designed thesauri are generally only available in areas where Domain 
Models have already been developed. These have in fact come about due to the 
creation of those domain models. 
Some synonyms were identified from the tenus, which had already been sorted 
from the corpus of materials. Beyond these, little was available except for 
common sense synonyms that were added to the system by the creator. Roget's 
Thesaurus was used to generate the common sense synonyms for the search tenus 
that users created. Not all synonyms under each entry were used - obviously, this 
would have lead to similar problems to those encountered with using an on line 
thesaurus. Rather, each tenu was considered and only those synonyms that were 
considered appropriate were included. 
4.1.3 Relation Specification 
Concepts within a domain are loosely related to each other purely on the basis of 
being within the same domain. Some finer level of structuring is required in order 
to be able to make use of the domain model. A purely manual method of 
determining how the tenus were related was used. 
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The terms that had been identified were analysed and sorted into groups that share 
obvious common characteristics such as place name, event, etc. 
The terms within each group are then organised into a domain structure, with arcs 
linking different terms and labels specifying the relations. The relations that were 
used are: 
• has type, e.g. mine has type strip mine. The inverse relation is type of 
• has subset, e.g. information has subset data. The inverse relation is subset of. 
• has source, e.g. nitrogen oxides has source car fume. The inverse relation is 
source of 
• has instance, e.g. power plant has instance Radcliffe on Soar Power Station. 
The inverse relation is instance of 
• has part, e.g. European Union has part United Kingdom. The inverse relation 
is part of 
A more detailed domain model is given in Appendix A. One aspect worth noting 
is that the structures that were created were quite shallow. The deepest that was 
developed had three levels. Other people have developed models that have nine or 
more levels. The reason for this difference is unclear for it may simply be a 
characteristic of this domain. 
4.2 Domain Model Application 
Consider a user intending to search for information relevant to the question: What 
__ ._~re the methods for examining risk to the public from nuclear power generation? 
The intent may be expressed in a query in different ways. Words have synonyms, 
or multiple meanings. Different user backgrounds may lead to the use of different 
terms. For examples: 
• risk management and methods and nuclear power and public 
• risk assessment and methods and nuclear power generation and society 
• assessment methods and nuclear power and public risk 
• risk assessment and nuclear power and societal risk 
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All of the examples are valid, yet due to the different terms· used there may be 
differences in the sets of results returned by a retrieval system. In the ideal case, all 
queries for the same intent should retrieve the same set of documents. 
In our research we propose to provide each user with the same vocabulary to 
specify a query by using a domain model. A Domain Model consists of a set of 
concepts which all relate to the same subject. The model also specifies the 
relationships between concepts, if meaningful relationships exist. Figure 1 shows 
a small part of a Domain Model that relates to the concept risk. 
risk ----__ ..;h~a~ss s"non"m relate to J' J' 
consequences ___________ 
likelihood 
danger 
hazard 
uncertainty 
tolerability 
has synonym 
has type 
public risk 
___ societal risk 
individual risk 
has source 
human action 
hazardous material 
hazardous process 
Figure 4.1 Concepts related to the term risk. 
In order to apply the Domain Model the search engine has to be operated 
differently. The user specifies the concepts that provide a starting point for a 
query. The application of the Domain Model can be carried out in three different 
ways: manual, partially automated and fully automated. 
In the manual method each concept in the initial query is looked up in the Domain 
Model. The related concepts are shown to the user. The user can repeat the 
process by examining one or more of the related concepts. He can select and add 
any of the concepts to his query. In effect the user specifies a starting point for 
browsing the domain model. He controls his viewpoint of the model, and selects 
concepts from it as he wishes. This method gives complete freedom as to which 
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relationships and concepts are examined. However, it can be very time 
consuming. 
The partially automated method works in a similar way to the manual method. 
However, rather than selecting individual concepts and adding them to the query, 
the user selects which relationships he is interested in. All the concepts that are 
linked by the specified relationships are added to the query automatically. 
In the fully automated method, the system takes the initial query and automatically 
looks up each concept in the Domain Model. The new concepts are added to the 
query by linking them with the user's initial concepts. Little interaction or user 
time is required to operate in this method. The problem with this approach is that 
different types of relationship will result in the inclusion of many inappropriate 
concepts and will lead to the retrieval of irrelevant material. 
4.3 Conclusions 
Manually identifying keywords from documents to create a domain model is 
impractical due to the labour intensive process. By making use of a commercial 
indexing tool such as AnchorPage definitely speeds up the keyword identification 
process. 
Compiling synonyms for the identified terms require filtering inappropriate words 
from general thesauri because of the limited context of the domain. The filtering 
process requires human effort. 
Forming domain model structures requires some initial grouping of the identified 
terms. This first broad division speeds up the modeling process. Determining the 
relations between the terms is a complex task. In this project the process relied 
entirely on human judgment and automation was not considered. 
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Chapter 5 
Searching Large Documents 
The problems related to searching large documents were discussed in chapter 3. 
This chapter discusses different ideas for searching large documents with the view 
of returning the relevant parts that match a search query. All these ideas are based 
on the fact that a large document is logically divided into sub-parts. Three 
different ways of considering a match between a sub-part and the query are 
discussed. 
5.1 Document structure 
A large document is normally logically divided into sub-parts. Therefore, it is 
reasonable to divide a document into logical segments, and then treating each 
segment as an individual small document and retaining the structure of whole 
document. By searching the segments, only those that are fully relevant, according 
to some criteria in relation to the whole document, will be presented to the user. 
The logical division points of a document are those where its author had felt it 
appropriate such as chapters, sections or even paragraphs. Figure 5.1 shows the 
general tree structure of a document. Figure 5.2 is a specific example showing the 
structure of the publication "The Tolerability of Risk from Nuclear Power". 
Associated with each node on the tree would be the title and any text that is not 
included in the sub nodes. For example the text of "The Tolerability of Risk from 
Nuclear Power" would be stored in 43 segments. 
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lhe Tolerability of 
Risk from Nuclear 
Power stations 
Figure 5.1 General tree structure of a document 
Contents 
introduction 
Risk and ""9 ToJerobJUty of Risk -C Risk: Some Basle Considerations 
Socletally Regulated Risks 
--E The Regulatory Bodies lhe Regulation of Industrial Risk General PrInciples of Regulaffon Ucenslng of Nuclear Installations 
t Individual and Societe! Risk Broad A'lncIples of RIsk Assessment ~~~1~rak~~Sk Summary on Indlvldual al'id Socleto! Risk 
t: Early Effects from high levels 01 Radiation the Harm from Radiation Lete Effects from lower levels of Radiation ~ Exposure to Natural Sources Exposure to Mon-Made Sources How Radiation Operates BlologIcallv Estimating the Risks 1he Risk from Low Doses How Radioactivity Is Produced and Distributed In Nuclear Power Generation 
lhe Risks In the Normal Operation of Nuclear Installations 
11113 Risk of Nuclear Accidents 
calculating the Risk of Plant failure 
E Design Basis Acc1denf3 large Releases Methods and Results 
SOf$ty-crltlcal COmputing Systems In Nuclear Aant 
Natural Events 
lhe Human Factor 
lhe Safely CUlture 
Safety In Operation 
MItigation and Emergency Procedures 
--{ 
levels 01 Indlvldual Risk 
Discussion of Tolerable Risk t: Risks In Normal Operations 
Accidental Risks 
levels of Socleta! Risk 
Conclusion 
Figure 5.2 Structure of "The Tolerability of Risk from Nuclear Power" 
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5.2 Match within a segment 
The most obvious way of finding the parts of a document that is relevant is to 
match each segment in the same manner as for a search on a non-segmented 
document. The search query is compared to each segment within the corpus, and 
those segments with hits are recorded. The number of items that are searched 
through will be significantly higher but with each item having fewer words. 
However, it may not be sufficient just to match the query against each segment of 
the document to determine whether that segment is relevant. A group of segments 
taken together may match a query and the whole group is considered relevant even 
though each individual segment within the group does not totally match the query. 
Alternative approaches to matching part of a document are proposed and they are 
described in the next two sections. 
5.3 Match within a group of segments 
In this approach not all terms in a query have to appear in the same segment. If a 
group of segments contain all the terms then the branch of the document structure 
that includes all the relevant segments in the group is considered the relevant part 
of the document that matches the query. 
As an example, consider matching the query "risk assessment and societal risk" 
against the document "The tolerability of risk from nuclear power" (the document 
----Stnicture is shown in figure 5.2). The term risk assessment appeared in the 
segment 'Broad Principles of Risk Assessment' and the term societal risk 
appeared in the segments 'Individual and Societal Risk', 'Societal Risk', and 
'Summary on Individual and Societal Risk'. This means that the group of 
segments taken together starting from the node "Broad Principles of Risk 
Assessment" matches the query. 
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However, consider the case where the tenu "nuclear power" was included in the 
above query and the tenu appears in the title node and the nodes "Contents" and 
"Introduction". In this case the branch of the document that contains the group of 
segments that matches all the tenus will start from the title node. This means that 
the whole document is returned as relevant. This is clearly not desirable. From the 
user's point of view, the focus of the query is risk assessment and societal risk but 
in the context of nuclear power. Because the whole document is in the context of 
nuclear power, therefore, it remains that the whole branch "Broad Principles of 
Risk Assessment" matches the focus of the query and only that part should be 
retumed. An approach that distinguishes context and keyword tenus is necessary 
and this is discussed in the next section. 
5.4 Context and keyword search 
As indicated in the previous section, it is proposed that a query consists of two 
parts: context tenus and keyword tenus. The context tenus fonu the context for 
the query and the keyword tenus provide the focus for the infonuation that is 
required. In this approach if a node matches a context tenu then all of its 
descendant nodes count as matches for the context tenu also. This removes the 
problem as described in the previous section. 
Consider matching the query "C, X and Y" against a document, where C is the 
context tenu and X and Y are the keyword tenus. Different cases may arise . 
. .. _ Figure 5.3 shows a case where segment SI matches C and S1.1.1 and S1.1.3 
match X and Y respectively. As all the nodes below SI are considered within the 
context and the branch from S 1.1 is the smallest sub-branch that contained all the 
keyword tenus, therefore, in this case S 1.1 and its descendent nodes will be 
returned as relevant. In the case of figure 5.4 SI and its descendent nodes will be 
retumed as relevant. 
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SI:C 
/ 
SI. 1 
Figure 5.3 Example 1 of matching context and keyword terms 
SI:C 
~ 
Sl.1 S1.3:Y 
Figure 5.4 Example 2 of matching context and keyword terms 
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5.5 Summary 
This chapter considered three different methods of matching a query against large 
documents and determining the sub-parts that are relevant. All the methods require 
a document to be divided into its logical parts. An important observation is that it 
is not sufficient just to match the query against each segment of the document to 
determine whether a section is relevant. It is important to retain the structure of a 
document. Each segment corresponds to a node in the document structure. A 
matching algorithm needs to take into account identifying a group of segments 
taken together as being relevant. Finally. it is proposed that the distinction 
between context terms and keywords terms should be made in a query. 
These different approaches need to be evaluated against real examples. The results 
of a case study will be described in chapter 6. 
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Chapter 6 
Case Studies 
6.1 Introduction 
This chapter deals with the experimental work executed in order to evaluate the 
concepts developed in the previous two chapters. Three small case studies were 
carried out to consider the following three issues: 
1. The degree of variation between the queries generated by users searching for 
the same material with the same intent 
2. The effectiveness of using a domain model for query expansion 
3. The appropriateness of using different methods for matching large structured 
documents. 
6.2 Determination of User Query Variations 
This first case study was a simple assessment of how much variation occurs between 
different users when they are specifying queries given the same intents. If users start 
from the same intent but specify different search queries then results of their searches 
... maybe different too. 
A set of eight search intents was created each with a short paragraph outlining a desire 
for a certain type of information. Three people with different backgrounds - an IT 
specialist, a process engineer and a chemist - were supplied with these intents, and 
asked to formulate queries that they would enter into an IR system in order to satisfy 
the intents. These people were not provided with any further information about the 
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domain. By examining the degree of term overlap between the specified queries, a 
level of commonality can be assessed. 
The following are the descriptions of the eight intents given to the subjects and the 
terms that were specified by the three subjects are also shown. Further details can be 
found in Appendix B. 
Description of Intent I 
There are a number of available process options for disposal of a toxic 
compound from a process. These routes include different treatments, and 
deposit the resulting residues into different locations (land, air, and water). In 
order to determine the BATNEEC (Best Available Technique Not Entailing 
Excessive Cost), a standardised method, or methods, for comparison of these 
options on a basis other than cost is required. (Le. a qualitative (or quantitative) 
method for ranking the options with respect to the environment. Cost must not 
feature in this assessment.) 
Term Subiect 1 Subiect2 Subiect 3 
BATNEEC Y Y N 
Toxic Y N Y 
Disposal Y Y Y 
Impact Y N N 
Waste N Y N 
Evaluation N Y N 
Comparison N Y N 
Environment N N Y 
Cost N N N 
Process N N N 
Method N N N 
Table 6.1 Search terms specified for intent 1 
Description of Intent 2 
A proposed plant uses a process that generates small quantities of Toluene. 
While the quantities are insufficiently high to warrant recovery options 
financially, they are too high to allow the waste liquid to be released directly 
into the environment. Determine all available treatment options for 
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degradation! removal! or dilution of the Toluene in the stream to a reduced level 
that can be discharged. 
Term Subject 1 Subject 2 Subject 3 
Toluene Y Y Y 
Environment Y N N 
Degradation Y N Y 
Removal Y N N 
Dilution Y N Y 
Waste N Y N 
Treatment N Y Y 
Disposal N Y N 
Safe Level N N Y 
Discharge N N Y 
Table 6.2 Search terms specified for intent 2 
Description of Intent 3 
A proposed power plant can be built in either France or Spain. The critical 
deciding factor is the permitted discharge levels of SOz and NOx from the plant 
to the atmosphere. Determine the relevant environmental discharge levels for 
each site. 
Term Subject 1 Subject 2 Subiect 3 
France Y Y Y 
Spain Y Y Y 
Power Y N N 
SOz y y y 
NOz y N Y 
Sulphur Dioxide Y Y N 
Nitrogen Oxides Y N N 
Regulations N Y N 
Atmosphere N Y N 
NOx N y N 
Nitrates N Y N 
Environmental N Y Y 
Discharge Levels 
Table 6.3 Search terms specified for intent 3 
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Description of Intent 4 
Nuclear waste can be transported from an installation to a disposal site in liquid 
form by three routes - road tank, rail tank, or river barge. Find qualitatively all 
the risks involved with each of the routes. 
Term Subject 1 Subject 2 Subject 3 
Nuclear Waste Y Y Y 
Transport Y Y N 
Road Y N Y 
Rail Y N Y 
Railway Y N N 
Liquid Y Y N 
River Barge N N Y 
Tank N N Y 
Risks N N Y 
Table 6.4 Search terms specified for intent 4 
Description of Intent 5 
In order to receive permission to construct a recycling plant in the UK, what 
bodies must be consulted to receive this? Note that both the materials that are 
being recycled and the location of the site have not yet been selected; therefore 
all possible organisations must be covered. 
Term Subject 1 Subject 2 Subject 3 
Recycling Y Y Y 
Plant Y N N 
Facility Y N N 
Installation Y N N 
Consult*l Y N N 
Permiss* Y N N 
UK N Y Y 
Building N Y N 
Permission N Y N 
Industrial N Y N 
Public Bodies N N Y 
Local Authorities N N Y 
Environmental Agencies N N Y 
Governments N N Y 
Table 6.5 Search terms specified for intent 5 
1 The symbol '.' is used as a wild card character. 
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Description of Intent 6 
What are the legal safety requirements for the operation of a small gas power 
plant used to supply power to a mining operation in the U,K.? 
Term Sub'ect 1 Sub'ect 2 Sub'ect 3 
y N N 
Y N N 
Y N N 
Y N N 
Rules Y N N 
Min* Y N N 
Power Plant N Y Y 
Minin N Y Y 
N Y Y 
N Y Y 
N N Y 
N N Y 
Table 6,6 Search terms specified for intent 6 
Description of Intent 7 
In order to help determine which type of power generation is less 
environmentally damaging, compile a list of common greenhouse gases emitted 
from coal andlor gas, andlor oil fired power stations together with their degree 
of contribution to the greenhouse effect. 
Only subjects 2 and 3 specified queries for this intent. 
Term Subiect 2 Subiect 3 
Greenhouse Y Y 
Environment Y Y 
Power Stations Y N 
Gas* Y N 
Coal Fired Power Station N Y 
Oil Fired Power Station N Y 
Gas Fired Power Station N Y 
Greenhouse Gases N Y 
Greenhouse Effect N Y 
Table 6,7 Search terms specified for intent 7 
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Description of Intent 8 
As part of the safety study for a small industrial park in the centre of a town, the 
overall manager needs to know what actions he has to take in the event of an 
accident at any of the units within his park. As this will require distribution of 
information, he also needs to know what information he must have available in 
the event of accidents, and who it must be released to. 
Only subjects 2 and 3 specified queries for this intent. 
Term Subiect 2 Subiect 3 
Emergencv Y N 
Procedures Y N 
Accident N y 
Industry N Y 
Action N Y 
Information N Y 
Information Distribution N Y 
People N Y 
Table 6.8 Search term specified for intent 8 
Comparing all eight sets of search queries, there is a very low level of correspondence 
between the terms used by the different subjects despite the fact that they all started 
with the same intents. This is due to different subjects chosing different terms to 
represent the same concept. This indicates that different users of an IR system are 
likely to specify very different search queries even if they have similar objectives. 
Therefore, it is reasonable to assume that providing ways of aiding users in query 
construction would be of benefit, in particular, if a user's query is automatically 
~_ expanded to include related terms. Such facilities would lead to a greater similarity in 
the search queries generated by the different users. 
6.3 Query Expansion Evaluation 
This case study was carried out in order to evaluate different ways of expanding 
queries, giving particular attention to the use of a domain model. The terms specified 
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by the subjects in case study 1 for intent 5 were used for this purpose (see table 6.5). 
The queries generated by the subjects for this intent have very little overlap. A total of 
14 tenus were specified the three subjects. Only one tenu is common to all and only 
one other tenu is specified by two subjects. 
The following methods were used to modify the tenus: 
1. Synonyms 
2. Domain model 
3. Stemming 
4. Domain model and synonyms 
5. Synonyms and stemming 
For the purpose of this case study, synonyms are considered separately from the 
domain model. Therefore, the application of the domain model for query expansion 
only included related tenus linked by some appropriate arcs. 
Expansion Method Total Number Number of tenus Number of 
of Tenus that are common tenus that are 
to subjects common to 1, 2 
1 &2,or &3 
1 & 3, or 
2&3but 
not 1 &2&3 
None 14 1 1 
-. Synonyms 31 2 3 
Domain Model 18 1 6 
Domain Model & Synonyms 43 4 11 
Stemming 14 1 1 
Synonyms & Stemming 26 3 2 
Table 6.9 Results of tenu expansion using different methods 
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There were very few common tenns used between the different subjects in the first 
instance. The inclusion of synonyms increases the number of tenns significantly from 
14 to 31. The number of tenns that would be common in all three subjects' queries is 
only three (10%). 
The application of the domain model only increased the total number of tenns to 18, 
but the six of them (33%) would be common to all three subjects. This is an 
interesting result. It indicates that the dissimilarities in the original queries did not 
come from the use of different synonyms by the three subjects but the subjects have 
used terms that are of different levels of generality that are contained in the domain 
model. Once the child terms of a general concept are included then the overlap 
between the three queries are significantly increased. 
The application of the domain model together with synonyms yielded worse result 
then just using the domain model. An interesting alternative to try is to apply both the 
domain model and stemming. 
6.4 Searching large documents 
This case study looks at different ways of applying a search query to a corpus of 
information and the corresponding results. In particular it considers the different 
methods described in Chapter 5. 
6.4.1 Search description 
Five documents were used as the corpus of infonnation for the case study. All these 
documents are classified as being within the environmental domain. However, they 
are of varying sizes and natures. Their contents vary between advisory, informative, 
and legislative. The five documents were: 
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1. The Tolerability of Riskfrom Nuclear Power Stations (TRNP). A document issued 
for general public reading to explain the risks involved with nuclear power, how 
they are assessed, and to compare them with risks from other activities. The total 
size is 28,686 words 
2. Environmental Auditing Procedures in Practice (EAlP). A short paper on 
environmental auditing procedures. 
3. Guidelines on Risk Issues (GORI). An informal document covering suggested 
methods of approaching any risk issues. The total size of the document is 16,510 
words 
4. Environmental, Economic, and Best Practice Guidelines for Process Options 
(EEBA). This is a 148-page draft document covering a methodology for selecting a 
process where several alternatives are available for consideration. Summary 
tables of data for supporting the decision process were included as appendices. 
5. EEC Legislation upon Atmospheric Emissions from Power Stations (EEC). This is 
an ll-page document written in legal English. It has a clearly defined structure, 
due to the fact that it is legislation as opposed to a 'normal' document. It has 2,824 
words. 
Together, these documents comprise a corpus of material containing over 71,000 
words, including figures, tables, and appendices. The documents were scanned and 
placed on line as five separate files. Each file was also converted into the segmented 
and structured forms as described in the previous chapter. The number of words and 
segments in each document is given in table 6.10. 
The basic search pattern used is: Responsible and (HSC or HSE), where HSC stands 
._- for- Health and Safety Council and HSE stand for Health and Safety Executive The 
pattern was derived from examination of the corpus. It was tailored based on what it 
was expected to retrieve from the material available within the system. The aim was 
to ensure that there would be at least one irrelevant document, one relevant document, 
and the other documents would contain perhaps some relevant material. This was 
expected to lead to a set of mixed results that would vary as each different search 
method was tested. 
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Document Title Document Number of Average 
Size (words) Segments words per 
segment 
The Tolerability of Risk from Nuclear 28,686 59 486 
Power Stations 
Environmental Auditing Procedures 4,829 34 142 
in Practice 
Guidelines on Risk Issues 16,510 246 67 
Environmental, Economic, and Best 18,282 171 106 
Practice Principles for Integrated 
Pollution Control 
EEC Draft Legislation on Air 2,824 10 282 
Pollution from Power Stations 
Figure 6.10 Number of words and segments in documents 
6.4.2 Results 
Match against the whole document 
Applying the query Responsible and (HSC or HSE) to the whole document. 
Document HSC HSE Responsible Match 
TRNP 8 47 4 Yes 
EAIP 0 0 1 No 
GORI 2 11 3 Yes 
EEBA 0 14 1 Yes 
EEC 0 0 0 No 
Table 6.11 Results for Whole Document Search 
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TRNP was a true positive hit, EAIP was a true negative miss, OORI was a false 
positive hit, EEBA was a false positive hit, EEC was a true negative miss. 
OORI was classified as a false positive because it does not contain relevant material. 
The references to HSC regarded the organisation's viewpoints on different areas. The 
references to responsibility covered engineers and society. Therefore, while all the 
search terms were present, they related to different subjects. The document was 
therefore not relevant to the search's intent. 
EEBA was a false positive for similar reasons. 
There are very few hits for the term 'Responsible' on all the documents. This has 
occurred due to the fact that there are many different forms for the word. There are 
also synonyms of the term "responsible" that affect the search in a similar manner. 
Match within a segment 
TRNP matched only on one segment. All other documents failed to generate any 
matches at all. 
Document Number of Segment Identities Words Percentage Hit 
Segments Hit 
TRNP 1 l1 973 -3.3 % 
EAIP 0 N/A N/A N/A 
OORI 0 N/A N/A N/A 
EEBA 0 N/A N/A N/A 
EEC 0 N/A N/A N/A 
Table 6.12 Results for Individual Segments 
Segment 11 of TRNP was a correct match for the search. However, there was relevant 
material contained within the document that was not retrieved. This is material that is 
clearly relevant to the discussion of HSE and HSC, and what they do, but does not 
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mention the given keywords within it. Therefore, while it cut down the amount of 
material that the user needed to read, it failed to retrieve all the relevant material. 
The other documents are true negatives. Both of the false positive hits have been 
removed. These hits occurred previously due to the presence of the search terms in 
widely different parts of the document. Each of these areas dealt with different 
material, and hence the association of the terms was incorrect. 
Match within a group of segments 
TRNP had a match over two groups (-17.5% of the entire document). GOR! had a 
match over one group (-44.6 % of the entire document). The other documents did not 
have any matches. 
Document Number of Segment identities in Words per Percentage Hit 
Groups the Groups group 
TRNP 2 9-11, 12-15 2500,2279 -17.5 % 
EAIP 0 N/A N/A N/A 
GOR! 1 31-125 7369 -44.6% 
EEBA 0 N/A N/A N/A 
EEC 0 N/A N/A N/A 
Table 6.13 Results for Grouped Segments 
TRNP has true positive matches on both groups. 
"'-- . 
GOR! has a false positive hit. It occurs because of the width of the section it is over. 
This section contains both of the different points from before. One subsection deals 
with the responsibility of engineers to the public. Another deals with the attitudes of 
the HSC to the ALARP (as low as reasonably practicable) principles. Between them, 
they make this section a hit. 
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However, EEBA, which had a false positive hit in the first general search, does not 
have one with this search method. Therefore this approach does not behave exactly as 
for the general search, but does yield some improvement on it. The terms within 
EEBA were not located within the same group. This is why the false positive did not 
occur for EEBA again. 
This method of searching has retrieved both sections within TRNP that contain 
relevant material to the search. This has been an improvement on the previous 
methods where either only a single segment was retrieved, or the entire document was 
retrieved. However, as a technique it is still not perfect as it still retrieves GORI as a 
false positive, for example. 
Context and keyword search 
TRNP had a match on a single segment that is approximately 3.3% of the document. 
GORI has no matches under this approach. The remaining documents still had no 
matches. 
Document No. of Segments Hit Segment Identity Words Percentage Hit 
Hit 
TRNP 1 11 973 -3.3 % 
EAIP 0 NfA NfA NfA 
GOR! 0 NfA N/A N/A 
EEBA 0 N/A NfA N/A 
EEC 0 NfA NfA N/A 
Table 6.14 Results for Grouped Segments with Context Terms 
Interestingly, the results from this search exactly match the results from the individual 
segment search. There are no hits on any of the other documents, or the other relevant 
section within TRNP. This is potentially due to the term 'Responsible' being a poor 
choice for context term. 
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If HSE and HSC are used as context tenns different results are obtained (see table 
6.15) 
Document No. of Segments Hit Segment Identity Words Percentage Hit 
Hit 
TRNP 2 11; 23 973;681 - 5.7 % 
EAIP 0 N/A N/A N/A 
OOR! 0 N/A NJA NJA 
EEBA 0 N/A NJA NJA 
EEC 0 N/A NJA NJA 
Table 6.15 Results for different context tenns 
Within TRNP, rather than a very few segments being contained within the context 
terms, the majority of the document falls within the context. However, the only new 
material to be picked up is a false positive hit (segment 23 of TRNP). The result does 
raise the question of what material would be retrieved if synonyms for "responsible" 
were in use. 
OOR!, while having many hits from the HSElHSC terms within the search, fails to 
activate groups with them. 
EEBA has several hits for the context terms scattered across its Annex A. However, 
none of these are in a position for activating groups. 
6.4.3 Summary 
The three different match methods described in section 5 do cut down the amount of 
material returned considerably making it easier for the user to locate and read the 
relevant parts of a document and they are clearly better than the simple way of 
matching an entire document. However, none of the methods came out as the clear 
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winner. The "Match within a segment" and "Context term" methods yielded the same 
results with no false positives but excluded some segments from the relevant 
document TRNP. The "Match within a group of segments" method included all the 
relevant segments from TRNP but incorrectly identified a large part of GDR! as 
relevant. Further testing, analysis and refinements of these methods are required. 
6.5 Conclusions 
The results of an evaluation study related to three different steps in the execution of a 
search query have been described. The three steps are: query specification, query 
expansion and matching. The study confirms the view that given the same intents 
different people will specify their search patterns quite differently. A domain model 
can be used to expend the search patterns to include related terms. The result is that 
the different patterns will then become quite similar. The idea of dividing a large 
document into logical segments for matching is worthwhile. It has the potential of 
returning only those parts that are relevant. Three different methods based on this idea 
were tested but further work is required to improve their precision and recall. 
Page 55 
Chapter 7 
Summary and Further Work 
This chapter is a summary of the work carried out and the achievements made 
during the course of this project. Areas worthy of further investigation are given at 
the end of the chapter. 
7.1 Summary 
This project has investigated the issues related to retrieving information from large 
environmental related documents. The project considered two particular issues: 
1. The development and applications of a domain model to help users specify . 
queries. 
2. The matching of a query against a large document to identify any relevant sub-
parts. 
Different ways of developing an environmental domain model was explored. It 
was found that the use of keyword extraction programs simplified the initial step 
of keyword identification. However, the steps of synonym identification and 
-----:-
relation specification would still require significant human effort. General purpose 
thesaurus programs are not suitable for domain specific use. They consider terms 
in much wider contexts than the environmental domain. Screening must be carried 
out by an expert to remove inappropriate terms. At the moment, a purely manual 
method of determining how different terms are related is required. 
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The preliminary investigation has shown that even given the same intent, different 
people would generate quite different queries. A domain model can be used to 
expend the queries to include related terms and the resulted queries are much more 
similar. Therefore, starting with the same intent, though initially the users may 
specify their queries differently, with the aid of a domain model the queries can be 
expanded and retrieve similar information. 
Four different methods for matching were considered: 
1. Match against the whole document 
2. Match within a segment 
3. Match within a group of segments 
4. Match within a group of segment using context and keyword terms 
The idea of dividing a large document into logical segments for matching is 
worthwhile. It has the potential of returning only those parts that are relevant. The 
evaluation study has demonstrated that methods 2 to 3 above performed much 
better than method 1. However, many more test cases have to be carried out before 
a fair comparison between methods 2 to 3 can be made. 
7.2 Further Work 
Follow on from this project, further work falls into three areas: 
1. Develop a prototype database system incorporating the domain model, query 
expansion idea and search methods considered in this project. 
..... _ 2._ Develop a user interface that will present the search results to the user in a 
comprehensible way. 
3. Design and carry out more case studies to determine which search method will 
provide the best results. This will involve using many more documents in the 
case studies. 
These areas of work can be carried out logically in the order given above. 
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Appendix A 
Environmental Domain Model 
This appendix contains the domain model that was constructed using the terms 
extracted from the corpus of documents, both manually and using AnchorPage. 
Not all of the terms have been inserted into this model. Some of the terms listed 
are 'free-floating' terms that do not link directly to other terms; even though they 
represent concepts within the domain. The reason for the presence of such terms 
is discussed within Chapter 4 - potentially they would be linked by concepts 
which have not been detected as yet, or potentially they are such generic concepts 
that they are characteristic of the domain as a whole, and hence do not link to any 
specific terms. 
The terms listed below follows the following format 
• Concept 
[Related Terms] 
(Synonyms) 
Parents 
Relation: 
Children 
Relation: 
Parent Concepts 
Child Concepts 
"---When a term appears in italics means that it was identified but had not been given 
its own specific entry; rather it was referred to. 
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A 
• Air Transport 
[Transport] 
o 
Parents 
type of: 
Children 
Transport Mode 
• Atmospheric Pollutant 
[Environment, Atmosphere] 
o 
Parents 
type of: 
Children 
B 
has source: 
has source: 
has source: 
has source: 
has type: 
has type: 
has type: 
has type: 
oBATNEEC 
Pollutant 
Power Plant 
Factory 
Mining 
Transport 
Sulphur Dioxide 
Nitrogen Oxides 
Carbon Monoxide 
Carbon Dioxide 
[Analysis, BPEO, Environmental Impact, Finance] 
(Best Available Technique Not Entailing Excessive Cost) 
Parents 
instance of: Required Procedure 
Children 
oBEO 
[Analysis, BPEO, Environmental Impact] 
Parents 
. __ .. .. instance of: Required Procedure 
Children 
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o BPEO 
[Analysis, BATNEEC, Environmental Impact] 
(Best Practical Environmental Option) 
Parents 
instance of: Required Procedure 
Children 
o Building 
[] 
(Structure, Facility, Installation) 
Parents 
Children 
C 
has type: 
has type: 
o Carbon Dioxide 
Physical Storage 
Chemical Plant 
[Pollution, Acid Rain, Greenhouse Effect, Emission Limits, Coal Power, Oil 
Power, Gas Power] 
(C0 2) 
Parents 
type of: 
type of: 
type of: 
Children 
o Carbon Monoxide 
gas 
pollutant 
greenhouse gas 
[Pollution, Acid Rain, Greenhouse Effect, Emission Limits, Gas Power, Coal 
Power, Oil Power] 
(CO) 
Parents 
type of: 
type of: 
type of: 
type of: 
Children 
• Chemical Plant 
[Plant] 
(process Plant) 
Parents 
type of: 
Children 
has type: 
has type: 
gas 
pollutant 
toxin 
greenhouse gas 
Building 
Power Station 
Factory 
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• Coal 
[Coal Power, Coke, Mining] 
o 
Parents 
type of: 
type of: 
type of: 
Children 
Fossil Fuel 
Solid 
Carbon 
has type: Anthracite 
• Coal Power 
[] 
o 
Parents 
type of: 
Children 
• Coke 
source of: 
source of: 
source of: 
source of: 
source of: 
source of: 
[Coal Power, Coal] 
o 
Parents 
type of: 
type of: 
type of: 
• Commercial Vehicle 
[Transport, Vehicle] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
has type: 
Non Renewable Power 
Dust 
Carbon Dioxide 
Carbon Monoxide 
Sulphur Dioxide 
Nitrogen Oxides 
Smoke 
Fossil Fuel 
Solid 
Carbon 
Road Transport 
Truck 
Tanker 
Van 
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• Commercial Vessel 
[Transport, Ship] 
o 
Parents 
type of: Water Transport 
Children 
has type: 
has type: 
has type: 
has type: 
• Country 
[] 
(Nation) 
Parents 
Children 
Barge 
Container Ship 
Tanker 
Ferry 
has instance: Great Britain 
has instance: Russia 
has instance: Japan 
has instance: France 
has instance: Spain 
has instance: Italy 
has instance: United States of America 
D 
• Data 
[] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
• Design 
[HAZOP] 
o 
---Parents 
Children 
• Dual Carrigeway 
[Transport] 
o 
Parents 
type of: 
Children 
Information 
Peiformance Data 
Operational Data 
Major Road 
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• Dust 
[Pollution, Smog, Emission Limits, Coal Power, Smoke] 
o 
Parents 
type of: 
type of: 
Children 
E 
• Emission 
Solid 
Pollutant 
[Emission Limit, Atmospheric Pollutant] 
(Release) 
Parents 
Children 
has source: Chemical Plant 
has source: Factory 
• Emission Limit 
[Emission, Atmospheric Pollutant, Regulation] 
o 
Parents 
Children 
• Energy 
[Power Generation] 
(power, Electricity) 
Parents 
Children 
has type: 
has type: 
None Renewable Energy 
Renewable Energy 
• Environmental Impact 
[BATNEEC, BPEO] 
o 
Parents 
Children 
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F 
• France 
[J 
o 
Parents 
instance of: 
part of: 
part of: 
Children 
has part: 
• Fresh Water 
[ Environment] 
o 
Parents 
Place 
Europe 
European Economic Community 
Paris 
type of: Water 
Children 
has source: River 
has source: Canal 
has source: Lake 
has source: Stream 
has type: Drinking Water 
• Finance 
[BATNEEC] 
o 
Parents 
Children 
G 
• Gas Power 
[J 
o 
Parents 
type of: 
Children 
source of: 
source of: 
source of: 
source of: 
Non Renewable Power 
Sulphur Dioxide 
Nitrogen Oxides 
Carbon Monoxide 
Carbon Dioxide 
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e Goods Train 
[Transport, Train] 
o 
Parents 
type of: 
Children 
H 
.HAZOP 
rail transport 
[Analysis, Safety, Design] 
o 
Parents 
instance of: Required Procedure 
Children 
I 
e Information 
[Procedure] 
o 
Parents 
Children 
M 
has subset: 
has type: 
has type: 
has type: 
has type: 
has type: 
eMajorRoad 
(Transport] 
Data 
Regulation 
Description 
Policy 
Evidence 
Document 
(A Road; Main Road) 
Parents 
type of: Road 
~ ._-Children 
has type: Dual Carriageway 
e Minor Road 
[Transport] 
(B Road; Track; Lane) 
Parents 
type of: Road 
Children 
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• Motorway 
[Transport] 
o 
Parents 
type of: Road 
Children 
N 
• Natural Gas 
[Gas Power, Emission Limits] 
(Gas, Methane, CR!) 
Parents 
type of: 
type of: 
type of: 
Children 
• Nitrogen Oxides 
Fossil Fuel 
Hydrocarbon 
Gas 
[Pollution, Acid Rain, Greenhouse Effect, Emission Limits, Gas Power, Oil 
Power, Coal Power] 
(NOx) 
Parents 
type of: 
type of: 
Children 
has type: 
has type: 
Pollutant 
Gas 
Nitrogen Oxide 
Nitrogen Dioxide 
• Non Renewable Energy 
[] 
o 
Parents 
type of: 
Children 
-"-----
has type: 
has type: 
has type: 
has type: 
• Nuclear Power 
[] 
o 
Parents 
type of: 
Children 
source of: 
Energy 
Gas Power 
Nuclear Power 
Coal Power 
Oil Power 
Non Renewable Power 
Nuclear Waste 
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• Nuclear Waste 
[Pollution, Uranium, Emission Limits, Nuclear Waste] 
() 
Parents 
type of: Pollutant 
Children 
o 
[Oil Power, Petrochemical, Refining] 
(Crude Oil) 
Parents 
type of: 
type of: 
type of: 
Children 
• Oil Power 
[] 
() 
Parents 
type of: 
Childen 
p 
source of: 
source of: 
source of: 
source of: 
source of: 
• Passenger Train 
[Transport, Train] 
o 
Parents 
type of: 
Children 
------ has type: 
has type: 
• Physical Storage 
[Material] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
Fossil Fuel 
Liquid 
Hydrocarbon 
Non Renewable Power 
Smoke 
Carbon Monoxide 
Carbon Dioxide 
Nitrogen Oxides 
Sulphur Dioxid 
Rail Transport 
intercity train 
local train 
Structure 
Storage Tank 
Warehouse 
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• Plutonium 
[Nuclear Power, Nuclear Waste] 
(PI) 
Parents 
type of: 
type of: 
type of: 
Children 
• Policy 
[] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
has type: 
• Pollutant 
Radioactive Material 
Metal 
Solid 
Information 
BATNEEC 
BEO 
BPEO 
[Pollution, Environment] 
o 
Parents 
Children 
has type: 
has type: 
has type: 
• Power Generation 
[Energy] 
o 
Parents 
source of: 
Children 
has type: 
has type: 
• Power Station 
[Power Generation] 
(power Plant) 
Parents 
type of: 
Children 
has type: 
has type: 
Atmospheric Pollutant 
Soil Pollutant 
Water Pollutant 
Atmospheric Pollution 
Renewable Energy 
None Renewable Enegy 
Process Plant 
Renewable Energy 
None Renewable Energy 
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• Private Vehicle 
[Transport] 
(personal Vehicle) 
Parents 
type of: 
Children 
has type: 
has type: 
has type: 
• Private Vessel 
[Transport, Ship] 
(Personal Vessel) 
Parents 
type of: 
Children 
has type: 
has type: 
• Procedure 
Road Transport 
Motorbike 
Car 
Minibus 
Water Transport 
Dinghy 
Yacht 
[Information, Regulation] 
o 
Parents 
Children 
R 
has type: 
has type: 
Voluntary Procedure 
Required Procedure 
• Radioactive Material 
[Nuclear Power, Nuclear Waste] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
• Rail Transport 
[Transport, Railway] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
Material 
Uranium 
Plutonium 
Transport Mode 
goods train 
passenger train 
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• Regulation 
[Procedure, Emission Limit] 
(Legislation, Law, Rule, Statue, Directive, Standard, Act) 
Parents 
type of: Info11llation 
Children 
has type: 
has type: 
has type: 
has type: 
• Renewable Energy 
[] 
() 
Parents 
type of: 
Children 
has type: 
has type: 
has type: 
• ReQuired Procedure 
[] 
0 
Parents 
type of: 
Children 
has instance: 
has instance: 
has instance: 
has instance: 
• Road 
[Transport] 
o 
Parents 
Children 
has type: 
has type: 
has type: 
• Road Transport 
[Transport] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
International 
Organisational 
National 
Local 
Energy 
Hydroelectric Power 
Solar Power 
Wind Power 
Procedure 
HAZOP 
BATNEEC 
BPEO 
BEO 
Motorway 
Major Road 
Minor Road 
Transport Mode 
Personal Vehicle 
Commercial Vehicle 
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S 
• Safety 
[HAZOP] 
o 
Parents 
Children 
• Salt Water 
[Environment] 
() 
Parents 
type of: water 
Children 
has source: Sea 
has source: Ocean 
• Smoke 
[Pollution, Smog, Fire, Coal Power] 
() 
Parents 
type of: 
Children 
• Spain 
[] 
() 
Parents 
Atmospheric Pollutant 
Place 
Europe 
(deliberatly different!) 
instance of: 
part of: 
part of: European Economic Community 
Children 
has part: 
• Storage Tank 
[] 
() 
Parents 
--
type of: 
Children 
has type: 
has type: 
has type: 
Madrid 
Storage 
Gas Storage Tank 
Liquid Storage Tank 
Solid Storage Tank 
Page 74 
• Sulphur Dioxide 
[Pollution, Acid Rain, Emission Limits, Gas Power, Oil Power, Coal Power] 
(S02) 
Parents 
type of: 
type of: 
Children 
T 
• Transport Mode 
[Transport] 
Parents 
Children 
u 
has type: 
has type: 
has type: 
has type: 
• Uranium 
Pollutant 
gas 
road transport 
rail transport 
water transport 
air transport 
[Nuclear Power, Nuclear Waste] 
(U) 
Parents 
type of: 
type of: 
type of: 
Children 
v 
Radioactive Material 
Metal 
Solid 
• Voluntary Procedure 
[] 
o 
Parents 
type of: 
Children 
Procedure 
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w 
• Water 
[] 
o 
Parents 
part of: 
type of: 
Children 
has type: 
has type: 
• Water Transport 
[Transport, Water] 
o 
Parents 
type of: 
Children 
has type: 
has type: 
The Environment 
environment 
Fresh Water 
Salt Water 
Transport Mode 
Commercial Vessel 
Personal Vessel 
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I 
Appendix B 
Case Study Data 
This section contains the material that was generated for and from this case study. 
The first item is the letter that was sent out to the users for the test case, in order to 
generate a series of queries for the same intents. The second part contains the 
results that were sent in from the users in response to this letter. 
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A.I Letter to users 
It would be of great use if you could read through the intention, and then set out 
the groupings of keywords that you would use to locate all relevant data to satisfy 
the intention in each case. Do not spend a great deal of time perfecting these 
terms, no more than about 1/2 an hour in total. This should give 5 minutes or so 
per search. Note that at present the 'system'is being designed around up to 4 terms 
per search. If this proves too constraining, then use however many terms are 
required, but please note this with them, and if possible explain why 4 terms were 
insufficient 
As an example, A site in England requires new storage tanks for a supply of fuel 
oil for a furnace. What precautions against fire are required? 
Search Patterns: 
fuel oil and storage and fire and precautions -or-
fuel oil and tank and fire and precautions -or-
fuel oil and storage and fire and safety -or-
fuel oil and tank and fire and safety 
Dave Gladding 
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Search Number 1 
There are a number of available process options for disposal of a toxic compound 
from a process. These routes include different treatments, and deposit the 
resulting residues into different locations (land, air, and water). 
In order to determine the BATNEEC (Best Available Technique Not Entailing 
Excessive Cost), a standardised method, or methods, for comparison of these 
options on a basis other than cost is required. (i.e. a qualitative (or quantitative) 
method for ranking the options with respect to the environment. Cost must not 
feature in this assessment.) 
Search Number 2 
A proposed plant uses a process that generates small quantities of Toluene. While 
the quantities are insufficiently high to warrant recovery options financially, they 
are too high to allow the waste liquid to be released directly into the environment. 
Determine all available treatment options for degradation! removal/ or dilution of 
the Toluene in the stream to a reduced level that can be discharged. 
Search Number 3 
A proposed power plant can be built in either France or Spain. The critical 
deciding factor is the permitted discharge levels of S02 and NOx from the plant to 
the atmosphere. Determine the relevant environmental discharge levels for each 
site. 
Search Number 4 
__ Nuclear waste can be transported from an installation to a disposal site in liquid 
fonn by three routes - road tank, rail tank, or river barge. Find qualitatively all the 
risks involved with each of the routes. 
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Search Number 5 
In order to receive permission to construct a recycling plant in the UK, what 
bodies must be consulted to receive this? 
Note that both the materials that are being recycled and the location of the site 
have not yet been selected, therefore all possible organisations must be covered. 
Search Number 6 
What are the legal minimum safety requirements for the operation of a small gas 
power plant used to supply power to a mining operation in the u.K. ? 
Search Number 7 
In order to help determine which type of power generation is less environmentally 
damaging, compile a list of common greenhouse gases emitted from coal and/or 
gas, and/or oil fired power stations together with their degree of contribution to the 
greenhouse effect. 
Search Number 8 
As part of the safety study for a small industrial park in the centre of a town, the 
overall manager needs to know what actions he has to take in the event of an 
accident at any of the units within his park. As this will require distribution of 
information, he also needs to know what information he must have available in the 
event of accidents, and who it must be released to. 
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A.2 Users' Search Queries 
This part contains the results from three people who were passed the initial sample 
of intentions for searches. 
Search 1 
Subject 1. BATNEEC & Toxic & Disposal I Toxic & Disposal & Impact 
Subject 2. waste & disposal & evaluation I waste & disposal & BATNEEC I 
waste & disposal & comparison 
Subject 3. disposal & toxic compound & enviomment & process I disposal & 
toxic compound & environment & cost I disposal & toxic compound & 
environment & method 
Search 2 
Subject 1. Toluene & environment I toluene & degradation I toluene & 
removal I toluene & dilution 
Subject 2. waste & toluene & disposal I waste & toluene & treatment 
Subject 3. safe level & tolunene & discharge & treatment I safe level & 
toluene & discharge & degradation I safe level & toluene & discharge & 
removal safe level & toluene & dilution & discharge 
Search 3 
Subject 1. France & power & S021 Spain & Power & S021 France & Power 
& N02 I Spain & Power & N02 I France & power & Sulphur Dioxide I 
Spain & Power & Sulphur Dioxide I France & Power & Nitrogen Oxides I 
Spain & Power & Nitrogen Oxides 
Subject 2. regulations & France & S02 & Atmosphere I regulations & Spain 
& S02 & Atmosphere I regulations & France & NOx & Atmosphere I 
regulations & Spain & NOx & Atmosphere I regulations & France & 
Sulphure Dioxide & Atmospherel regulations & Spain & Sulphure Dioxide 
& Atmosphere I regulations & France & Nitrates & Atmosphere I 
regulations & Spain & Nitrates & Atmosphere 
Subject 3. France & environmental discharge levels & S02 & NOx I Spain & 
Environmental discharge levels & S02 & NOx 
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Search 4 
Subject 1. nuclear waste & transport / nuclear waste & transport & road / 
nuclear waste & transport & rail / nuclear waste & transport & railway / 
nuclear waste & transport & liquid 
Subject 2. nuclear & waste & liquid & transport 
Subject 3. risks & nuclear waste & road / risks & nuclear waste & rail / risks 
& nuclear waste & river barge / risks & nuclear waste & tank 
Search 5 
Subject 1. recycling & plant / recycling & facility / recycling & installation / 
recyling & consult* / recyling & permiss* 
Subject 2. UK & building & pennission & recycling / UK & building & 
pennission 
Subject 3. recycling & UK & public bodies / recycling & UK & local 
authorities / recycling & UK & environmental agencies / recycling & UK 
& governments 
Search 6 
Subject 1. gas power & safety & regulations & min* / gas power & safety & 
law & min* / gas power & safety & rules & min* 
Subject 2. power plant & mining & UK & requirements 
Subject 3. minimum safety requirements & power plant & UK / minimum 
safety requirements & power plant & mining & UK / legal safety 
requirements & power plant & UK 
Search 7 
Subject 1. DID NOT COMPLETE 
-----Subject 2. greenhouse & environment & power stations / greenhouse & 
environment & gas* 
Subject 3. coal fired power station & greenhouse gases & environment & 
greenhouse effect / oil fired power station & greenhouse gases & 
environment & greenhouse effect / gas fired power station & greenhouse 
gases & environment & greenhouse effect 
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SearchS 
Subject 1. DID NOT COMPLETE 
Subject 2. emergency & procedures 
Subject 3. accident & industry & action I accident & industry & information / 
accident & industry & information distribution / accident & industry & 
information distribution & people 
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